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@ Plastics material mesh structure. 

@ In order to produce a non-cracky, integral, 
biaxially-oriented plastics material mesh struc- 
ture 15 having a high strength/weight ratio, 
having high MD (machine direction) stiengtii 
and substantially greater strength in the MD 
than in the TD (transverse direction), and having 
high creep resistance, a starting material 1 is 
provided having a rectangular grid of holes 8 
and the starting material 1 is stretched in tiie 
MD (Figure 3) to such an extent ttiat tiie junc- 
tions are not significantiy oriented, is stretched 
in tiie TD (Figure 4) to such an extent tiiat ttie 
junctions are not significantly oriented, and is 
finally stretehed in the MD (Figure 5) to such an 
extent that tiie junctbn centres thin down by at 
least 30% and ttiere is signrTicant narrowing 
down of the junction. The resultant MD stretch 
is substantially greater than tiie resultant TD 
stretch. The MD strands 12'. having tiiinned 
down and oriented to a substential degree, 
cause the orientetion to pass into tiie ends of 
tiie junctions and right through the junctions. 
The junctions Increase in lengtifi by a ratio of at 
least about 2.5:1 and narrow down substen- 
tially. The ends of the junctions are not stretch- 
ed more than 100% more than the centres. At 
each junction there is a tiiicker. parallel-sided, 
long zone 17 which is oriented in the MD and 
has tiiinned down less tiian tiie mid-points of 
tiie MD strands ^2 so tiiat ttiere is continuous 
MD orientation mnning from end to end of tiie 
mesh stmcture. There are no dips in the junc- 
tions and tiie centres of the junctions are not 
substentially thinner than any ttier part of tiie 
junction on th MD centr line. There are 
biaxially-oriented zones 16 on ither side of the 
tiiicker zones 17, and ori nted crotches 16 con- 
necting respective MD strands 12' and TD 
strands 14', tiie biaxially-oriented zone 18 merg- 
ing gradually with the crotches 16. 
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Background of the invention 

The present invention relates to a method of producing an integral biaxialiy-moleculariy-oriented plastics 
material mesh structur . of the type comprising: providing a plastics starting material having a thickness of not 

5 less than about 2 mm at its thidcest point and having a pattern of holes defining strand-fomiing zones betwe n 
respective adjacent holes, and notional junction zones between the strand-fomiing zones; stretching the start- 
ing nr^aterial in a subsidiary direction to stretch out, thin down and orient subsidiary strand-forming zones to 
form subsidiary oriented strands; and stretching the material in a main direction generally at right angles to the 
subsidiary direction to stretch out, thin down and orient main strand-forming zones to form main oriented strands 

10 extending generally at right angles to the subsidiary strands, the stretching being continued until the thinning 
down extends right through the notional Junction zones to aligned main strands on the other sides of the notional 
Junction zones and extends around crotches to respective subsidiary strands so that in the crotches the orien- 
tation Is in the direction running around the respective crotch, thereby fomning oriented junctions with oriented 
crotches connecting respective nrtain and subsidiary strands. The resultant main direction stretch is substan- 

15 tially greater than the resultant subsidiary direction stretch. At each Junction, there is a central or thiclcer zone, 
which nonnally has thinned down less than the mid-points of the main strands. There are zones on either side 
of the central or thicker zone, which are normally thinner than the Junction centre. 

The present invention also relates to a biaxially-moleculariy-oriented integral plastics material noesh struc- 
ture of the type having a thickness of not less tiian about 1 mm at its thickest point, and having substantially 

20 greater strength in a main direction tiian in a subsidiary direction, tiie mesh structure comprising: main oriented 
strands extending in the main direction; subsidiary oriented strands extending in tiie subsidiary direction: and 
oriented junctions between respective main and subsidiary strands, respective main and subsidiary strands be- 
ing interconnected by oriented crotches witii tiie orientation in the direction running around ttie respective 
crotches, there being at each junction a thicker zone which Is substantially thicker than zones on eitiier side 

25 ttiereof each on ttie axis of a respective subsidiary strand, and which ttiicker zone has a substantially greater 
dimension parallel to the main direction ttian tiiat parallel to ttie subsidiary direction. 

The mesh structures of ttie invention are for applications in which ttie main direction is the machine direc- 
tion, and in which the main tensOe force will be applied in tiie machine direction, and the mesh structures will 
have substantially greater strength in the machine direction than in the transverse direction; for instance, when 

30 tiie mesh structure is attached to a vertical wall facing, the main tensile force will be at right angles to the facing. 
The main strands are ttiose that will take the main tensOe force, the transveree strands being generally at right 
angles to the main strands. 

It is desirable to orient as much as possible in the machine direction, but ttie degree of stretch that can be 
applied in the machine direction is limited by the risk of fonning junctions which can crack or split in the machine 

36 direction on bending in ttie transveree direction, or of fonming junctions which have merited dips in their central 
part Such dips can signiftoanly reduce the transverse direction strength of tiie mesh structure. 

US 4 374 798 and EP-A-0 418 104 disclose methods and mesh structures of ttie type referred to. 

Definitions 

40 

"MD" Is the machine directton and TD' is ttie transveree direction. The MD is ttie direction bngltudinal of 
ttie lengtti or roll of mesh-sbucture produced during manufacture. 

The holes in the starting material may be through-holes or blind holes. If the holes are blind, tiie film or 
membrane in the hole will either ropture on stretching, or may remain as a thin membrane. Hole sizes are meas- 
45 ured between respective tangent lines (see below). 

The term "oriented" means moleculariy-oriented. In general, when an oriented strand Is referred to, the pre- 
ferred direction of orientation is longitudinal of the strand. 

"Uniax" and "biax" mean uniaxially-oriented and biaxially-oriented, respectively. Substantially uniaxlally- 
oriented means that on the surface of ttie structure, there has been extension of the material in one direction 
50 but no substantial resultant extension of ttie material In ttie direction at right angles. 

The terms "thick" and "thin" refer to the dimension normal to ttie plane of the material or mesh structure. 
Unless ottierwise specified, ttie ttiickness is tiie distance between ttie exti-eme faces at the tiiickest point. How- 
ever, raised edges or tapered or feathered edges are ignored, as well as any minor grooves in the surface and 
any Inrelevant projections from tiie surface. Where the thinning down of one part is compared to that of anottier 
55 part ttie ttilnning down is ttie percentage ttiinning down (related to ttie original thickness) and not ttie absolute 
measure ftti ttiinning down. 

The "width" is ttie dimension at right angles to the maj raxis fth zone in question, and "nanrow" relet s 
to this dimenskin. 
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A "junction thicker zone dip' Is a dip on the main direction centre iin of the Junction, there t)eing on each 
end f the dip thidcer parts on the sam centre line and within the sam Juncti n. 

A 'tangent line' is a notional iin tangent to the ends f the holes on either sid f a strand-f rming zone. 
In extruded starting materials and in emt)ossed or moulded starting materials, the holes are not nonnaliy vertical 
5 sided (i.e. perpendicular to th plane of the starting material). For extruded starting mat rials, as a good ap- 
proximation, the tangent line can t>e taken as the notional line tangent to the plan view see-through, i.e. the 
minimum hole size as viewed nonmal to the plane of the material, but ignoring film or feathered edges. For env- 
t)ossed or moulded starting materials, where the holes nonmally have sloping sides, as a good approximation, 
the tangent line can be taken as the nottonal line tangent to a point half way up the side of the hole, or, if the 
10 slope is different on each face, tangent to a point half-way between points half way up the respective slopes, 
films or membranes in blind holes being ignored. 

The 'notional junction zone" or "n.j.z.' is tfie zone of the starting material defined between the respective 
pair of tangent lines parallel to tiie MD and ttie respective pair of tangent lines parallel to the TD. In the mesh 
structures, the notional junction zones are the zones of the surfaces of the structure which have been fonmed 
IS ffom the notional junction zones of the starting material. 

'Strictiy unlplanar" means tiiat the material or structure is symmetrical about a median plane parallel to Its 
faces. In general, a unlpianar starting material wQI give a uniplanar stmcture when stretched. 

A 'strictiy flat" starting material has monoplanar. parallel faces. 

The "starting material" is the material immediately before initiation of the first stretch. 
20 "Punch-out" is tiie ratio of tiie maximum dimension of the holes (ie between the respective tangent lines) 
In a specified direction to tiie pitch of the holes in tiie same direction, whether or not the holes have been formed 
by punching or by another procedure which may not even Involve material removal. 

An "overall stretch ratio" is tiie stretch ratio applied to the whole lengtti of the material. A 'resultant stretch 
ratio" is the stretch ratio in the final product, alter any contraction that may have occurred. A "resultant area 
25 stiBtch ratio" is the product of tiie overall resultant stretch ratios in the MD and TD. All stretch ratios given for 
tiie notional junction zone or junction are as measured on the surface in the MD, normally on tiie junction centre 
line. Where the stretch ratio (or orientation) is stated for a specific point, it wDi have been determined over a 
finite length or zone centred on the point All resultant stretch ratios are as measured after relaxation or after 
annealing if annealing Is canied out. 
30 "Erosion" is the progression of substantial orientation from a zone that is already substantially oriented into 
a zone that Is not oriented or not substantially oriented, nonmally indicated by an abrupt increase In tiiickness. 

"PP" Is polypropylene, "PE" is poiyettiylene, "HDPE" is high density pdyethyiene, and "PET* is poiyethy^ 
lene terapthalate (polyester). 

The term "soO" includes rocks, stones, gravel, sand, eartti, day or aggregate held by a binder such as as- 
35 phalt 

The "strength" of a mesh structure is the maximum MD strength per unit width, as measured in a nonmat 
tensile test, for Instance in kN per metre width. 

The "economy rating" is tiie MD strength of the product per unit mass per unit area per meter width, meas- 
ured as kN per m per kg per m^ in the MD. 
40 "Trutii lines" are parallel lines applied (nonnaliy by printing or drawing) to the starting material, normally in 
two directions parallel to tiie MD and TD respectively. 

The "45'> point" is a point on a line passing through the centre of the Junction at 45'* to tiie MD. 

The invention 

45 

After twelve years of commeroial production of mesh structures of said type by methods of said type, a 
procedure has been discovered which significantiy increases tiie MD stretch ratio wittiout introdudng unaccept- 
able crackiness or a mariced dip in the centre part of the junction. The invention provides meUiods as set forth 
In Claims 1 or 21, mesh structures as setforth In Claims 15, 16 or 17, and a composite civil engineering structure 
50 as set fortti in Claim 22. 

The tensfle properties per unit width of mesh stmcture can be considerably improved. Economy ratings of 
255 and 316 kN/m/kg/m^ can be achieved with HDPE and PP respectively. The mesh structures, when pro- 
duced in a continuous manufacturing process, can be very uniform throughout (except perhaps at the edges) 
with very similar Juncti n forms and verysimilarjunction stretch ratios. Th mesh structures can hav highaeep 
55 resistance because of the high degree of orientation in tti Junctions and ttie more uniform orientation botii wittiin 
the Individual Junctions and throughout the stmcture, giving very good stress transmlssi n paths. 

Th inventi n nables the TD punch-out to b reduc d to as low as about 20%, 25% r 30% without sig- 
nificant dang r of splitting in manufecture or significant crackiness In th finish d mesh stmcture. The TD 
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punch-out and the reduction In width of the n J.z. both affect the width of the final product. Lower TD punch-out 
gives greater MD strength per unit width. HoweverwiderbutI wer strength materials can be produc dby having 
gr at r TD punch- ut and ais by applying less MD stretch (and th refore less TD contract! n). In general, 
wider products can be obtained with surtabi hole sizes and pitching and suitable TD stretch ratios. 

5 In general, resultant overall MD stretch ratios of more than about 5:1 or 6:1 , and resultant area stretch ratios 
of more than about 5:1, 8:1 or 10:1. can be obtained. The resultant stretch ratios at the mid or thinnest points 
of the nrain (ie MD) strands can be more than about 7:1 . 8:1. 9:1 or 11:1. Using HDPE. it is possible to achieve 
resultant MD overall stretch ratios of about 7:1 or more, and resultant MD stretch ratios of about 6:1 . 8:1 . 10:1 
or more at the mid-points of the main strands and about 3.5:1 or 4.5:1 or nrwe on the surface of the centre of 

10 the junction. Using PP, it is possible to achieve resultant MD overall stretch ratios of about 7:1 or 8:1 or more. 
Using PET, it is possible to achieve resultant MD overall stretch ratios of about 3.5:1 or more with resins cur- 
rently available. Poiyolefins. e.g. HDPE or PP, stretch to ratios two or three times the PET stretch ratios, in 
general, the resultant MD stretch ratio may be at least about twice that in the TD and at least about 2.5. 3. 4 
or 5 times for poiydlefines; if the TD pitch is less in the final product than in tiie starting material, tiie resultant 

IS area stretch ratio will be less than the resultant MD stretch ratio. 

Stretching Behaviour 

During at least that part of the MD stretch in which tiie n.j.z.'s are substantially extended, substantial con- 
20 traction is ensured in the TD, and the main strand-fonnlng zones tiiin down to a substantial or high degree before 
the n.j.z.'s begin to ttiln down, and the thinning down of tiie main strands reaches or passes into the ends of 
tiie n.J.z.'s. 

The TD stretch orients the transveree strand-forming zones and the wider zones at or adjacent ttie ends 
of the transverse strand-forming zones whilst having little or no effect on the n.j.z.'s. In the MD stretch or stretch- 

25 as, the main strand-fonning zones can be drawn to a considerable extent before the n.J.z. starts to extend, i.e. 
a substantially greater stretching force or time is required to extend the n.j.z. than the main strand-forming 
zones, and then eittier t.he ends of tiie n.j.z. begin to extend or tiie whole n.j.z. extends as an entity - tiie n.j.z. 
and particulariy its central part does not substantially neck down to fom a substantial dip, l.e. the n.j.z. does 
not yield signrficantiy from Its centre. The main strands may have stretched out fully before the n.j.z. extends 

so significantiy or the stretch in the main strands may continue during or after stretching the n.j.z. 

As stretching Is continued, the whole of ttie n.j.z. Is oriented and ttiere is a relatively large extension of ttie 
n.j.z. As substantial TD contraction is ensured, ttie whole of tiie n.j.z. wDI always be substantially narrower In 
the blax product than in ttie starting material. The width reduction may be at least about 30. 40 or 50%. In effect, 
ttie substantial narrowing of ttie n.j.z. indicates that ttiere has been a substantial increase in length of the n.J.z. 

35 and uniaxial orientation of ttie junction central or ttiidcer zone, consequent In part on ttie substantial TD con- 
traction. 

A central or thicker zone which is formed at each junction corresponds generally to the n.j.z., particulariy 
as regards the MD ends. The sides of the central or tii Icker zone may include some material which was originally 
In the ends of the transverse strand-fonming zones. 

40 

Profile and Orientation of Junctions 

The central or thicker zone, or the n.j.z., in the product preferably has no part substantially wider than Its 
end portions, and more preferably has generally parallel sMes in the MD, tiiough a slight narrowing, bulging, 

45 or cupld's bow is not excluded. A section through ttie final junction along ttie central axis parallel to the MD 
and nonmal to ttie structure is signlficanlly difTerentfirom ttiat along ttie axis parallel to ttie TD. The junction centre 
may have ttiinned down more than ttie transverse strand mid-points. 

The central or thicker zone is substantially oriented substantially uniaxially in the MD. This provides con- 
tinuous, substantially uniaxial orientation in ttie MD from end to end of tiie mesh structure, and the main strands 

50 and said central or tiiicker zones fomfi parallel ribs running right ttirough the mesh structure. Wltti a strictiy flat 
starting material, tfie centres of the junctions have not thinned down substantially more. i.e. are not substantially 
more oriented, than any other part of the n.j.z. on ttie MD centre line. In more general terms, ttiere is no sub- 
stantial dip in the central or thicker zone. Preferably the junction centre has thinned down least, i.e. is tfie least 
oriented part (and will be th ttilckest part of ttie junction if ttie starting material was strictiy flat), but It could In 

55 some circumstances ttiln down slightty more. I.e. be sllghtiy more oriented, ttian on or botti ends or end portions 
ofth n.j.z.. There Is a relativ ly uniform degree of orientation throughout th lengttiofthen.J.z. along ttie MD 
centre lin . Thus ttie stretch ratio at on or botti ends or end portions of th n.J.z. is preferably not mor ttian 
about 100%. 60% or 50% greater ttian ttiat at tiie centre and preferably not more ttian about 40% or 20% greater 
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(eg if the stretch ratio at the centre is 5:1, a stretch ratio at the ends of 6:1 is 20% greatei). The reduction in 
thicloiess at ne or both ends or nd portions ( xpressed as a percentage) is preferably n more than about 
twice or 1.75 times that at the centre, or up to about 2.5 times f r PP. At least on th surface, there may be a 
progressive increas or substantially no Increase in th MD stretch rati from the centre ofthen.j.z. to the ends 

5 or end portions of the n J.z. (as considered in the MD), and even a progressive increase t the centres of th 
main strands, and there may be no abmpt change in the rate of increase. The n.j.z. or junction extends a sig- 
nificant distance Into what was traditionally called the strand. 

The central or thicker zone may be at least about twice or 2.5 times as long as it is wide. The central or 
thicker zone may have reentrants at each end, in that more plastics material has been eroded from the centres 

10 of the ends than from the skies of the ends. The reentrants may be extensive, each extending for over about 
one third of the length of the thicker zone so that the thicker zone has a generally H shape. 

The Biax Zones 

IS The MD stretch puts substantial MD orientation into the zones at or adjacent the ends of the transverse 
strand-forming zones, which have already been substantially oriented In the TD. thereby forming substantially 
biaxial orientatton in such zones - In this way, the TD stretch affects the orientatk>n behaviour of the structure 
during the latter part of the MD stretch; such zones are on either skle of the central or thicker zone and on the 
axes or centre lines of the respective transverse strands, and can be relatively small. Such biax zones give 

20 high resistance to cracking when flexing In the TD. These zones are wholly or mainly outside the n.j.z.. at least 
on the surface, and are between the ends of the transverse strands and the junction central or thicker zone, 
though they are drawn towards the junction during the final stretch in the MD. Nomially the biax zones will be 
thinner than the junction central zone. Thinner biax zones can give more flexibility transveree to the MD and 
increase resistance to cracking. 

25 There may be a reduction in thickness when progressing along a transverse strand centre line into the re- 
spective biax zone; there is no mari(ed tiilckening at least until Uie tiilcker or central zone is reached. 

Oriented crotches are fonmed between edges of main strands and of respective transveree strands. In gen- 
eral, the material of the crotches has not come from the n.j.z. and ttius the crotches do not form part of the 
junction proper. The crotches may have a thickness of the same orderas, orroughly the same as, the transveree 

30 strand thickness; fbr a good approximation, the thickness of the crotches can be measured inwards of any ta- 
pering or feather edge or raised edge, but more accurately, as the crotches wOl be uniaxially oriented. X-ray 
diffraction tests can be performed and the thickest part of tiie uniaxially oriented zone adjacent tiie edge can 
be taken as the crotch thickness measurement; If the crotches are of differing thickness, the thinner crotch Is 
measured. The crotches will normally be substantially thinner than the junction central zone. The biax zone 

35 can at its thinnest point, or at the thinnest point along tiie axis of ttie respective transveree strand, be thinner 
ttian the 45"* points of ttie crotches around tiie respective zone, but substantial dips orthin parts should be avoid- 
ed, tiie ttilckness of ttie biax zone being not less Uian about 40%, 50% or 60% or 70% of ttie ttilckness of tiie 
(thinner) crotch 45^ point. If a biax zone is too tiiin, tfie thin part can be split and act as a tear starter, once a 
tear has started, it may propagate along the respective strands and cause the structure to split apart The ab- 

40 sence of tear startere is Important regarding resistance to tensQe sti'ess both in the MD and in the TD. Once 
ttie structure has been say embedded in soil, resistance to MD stress is the most important requirement, but 
tiie structure will be subjected to TD stress both during manufacture and when being handled and also as the 
soil is consolidated. Furthermore, a biax zone can be caused to split by granular material when consolidating 
soil. The crotches merge gradually wltti the biax zones, as seen in section nonnal to the plane of tiie structure 

45 along a line passing through ttie centre of ttie junction at 45*" to tiie MD; in ottier words ttiere is no marked change 
in gradient and there is a smootti transition as one passes from a crotch into the biax zone, the rate of change 
of thickness not changing rapidly; visually, the crotches are not in ttie form of fBaments maricediy differentiated 
from the biax zones. 

50 TP Stretch 

The stretch in ttie TD should not be so great ttiat while stretching In ttie MD, ttie unoriented or only slightiy 
oriented n.j.z. is not strong enough to resist significant yielding in its centre part before Its end parts extend. 
The maximum amount of orientation which can be applied during the TD stretch Is ttiat which ensures ttiat less 
55 oriented material (Le. material less oriented ttwn ttiat In ttie remainder of ttie transveree strands) still remains 
attheendsofthetransvere strand-forming z nes and adjacent the n.jj:., and nsuras that the n.j.z. does n t 
yi Id significantly in th TD though some eroston can occurwhere the n.jji. meets th transv re strand-fomiiing 
zones. This avoids substantial necking down of the n.j.z. and th fonmati n of a substantial dip in ttie centre 
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part of the n.J.z. during the final stretch. Nonetheless, the amount of stretch In the TD must be sufficient to allow 
said biax zones to form; l.e. at the end of th stretching peration in the TD, orl nt d material must be present 
adjacent though not necessarily at the ends of the transverse strands, such oriented material being oriented 
in the TD. The biax zones fomned during the final stretch comprise said less oriented material. If a two-stag 

5 procedure is being carried ut (see below), the maximum anwunt of ori ntation which can be appli d during 
the first stretch is that which In the second or final sta'etch still allows substantial orientation or thinning down 
of the main strand-fomiing zones before the n,j.z. extends, though some erosion can occur where the n.j.z. 
meets the main strand-lbnfning zones; in general terms, the maximum orientation is that amount which ensures 
that the cross-sectional area in the region of the junction in the plane of the TD is stronger than the cross- 

10 sectional area of the main strand-fonming zones at their yield points. 

When stretching in the TD. the orientation can go beyond the tangent line, but not too strongly. The stretch 
in the TD can be such that the orientation just penetrates right through the n.j.z. from one transverse strand- 
fbnming zone to that on the other side of the n.j.z., or such that the penetration is greater than 25% of the width 
of the n.j.z., on each side on the surface of the mesh structure. However, It is not necessary to go beyond the 

IS tangent line or even to within a distance of the tangent line equal to about 1 0%. 25% or 40% of the thickness 
of the material at the tangent line (or about 5%, 10% or 20% of the width of the n.j.z.). The overall stretch in 
the TD can be up to about 2.5:1 ,3:1, 4:1 or 5:1. or more. 

MD Stretch 

20 

The main strands can be stretched substantially or to a high degree (e.g. the mid-points or thinnest points 
of the main strands can thin down by at least about 50% or 60%) before the n.J.z.'s begin to stretch su bstantially. 

The n.j.z. or junction, as measured from end to end. is stretched to a ratio of at least about 2.5:1 in general; 
for PET about 2.5:1 may be the maximum; for polyoleflns such as PP and PE (and more particulariy HDPE), 

25 and in general, the n.j.z. or junction can be stretched to a ratio of at least about 3.5:1 , 4:1 or 4.5:1 , and can be 
stretched to a ratio of at least about 5:1 or 5.5:1. One or both ends or end portions of the n.j.z.'s, or of the junction 
central or thicker zone, are preferably stretched to a ratio of at least about 4: 1 or 5: 1 . The junction or n .j.z. centre 
can have a lower degree of orientation (about 3: 1 to about 5:1 or more) than the strand mid-points. The thickest 
part, e.g. the centre with a strictly flat starting material, of the n.jjc. or junctfon reduces in thickness by more 

30 than about 30%. and thickness reductions can be from about 40% up to about 50% or 60% or more. The stretch 
ratio at the mid-points of the main strands is frequently not more than about 233% or 150% or 1 00% greater 
than the stretch ratio at the notional junction centre, particulariy for PE (and more particulariy HDPE) or PET. 
If the starting material is strictly flat, the ratio of the thickness of the thiclcest point of the junction to the thickness 
of the mid-point of the main strands can be not more than about 2.5:1 or 2:1 . The ratio of the thickness of the 

35 thickest point of the junction to the thickness of the mid-point of the transverse strands can be not more than 
about 5:1 , 4:1 . 3:1 . 2.5:1 or 2:1 , but the ratio can be as low as for instance neariy 1 :1 or lower, ie the transverae 
strand mid-point could be thicker than the thickest point of the junction; with profiled starting materials, the ratio 
could be considerably higher, e.g. 10:1 or 8:1 or 6:1. 

The stretch in the MD, at least when applying substantia! stretch to the n.j.z.. will have just the natural re- 

40 stralnt of the equipment, permitting a contraction In the TD offer instance up to about 20. 25. 30. 40 or 50% or 
more; however, there Is a relationship between the draw length and the width - if the draw length is too short 
in relation to the width, some anomalous junctions may be produced in the central region of the structure due 
to insufficient contraction. During the contraction, material Is pulled towards the junctions from material which 
was originally at the ends of the transverse strand-forming zones as the n.j.z.*s lengthen in the MD. This also 

45 has the effect of reducing the resultant overall stretch ratio in the TD. and the TD pitch may even be less in the 
final product than in the starting material, ie there may be a resultant contraction In the TD. 

Stretching Procedure 

5D In general, the final stretch will be a MD stretch although a small final, second TD stretch could be applied. 
Two-Stage Procedure 

In a simple procedure, the starting material Is ghr n a first stretch in the TD, followed by a second stretch 
55 in the MD. 
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Three-Stage Procedure 

In a preferred procedur , the starting material is giv n a first stretch in the MD, followed by a second stretch 
In the TD and a third stretch in the MD (t rmed a three-stage procedure herein). If this is don , less power is 

5 required in the stretcher used for the TD stretch as the niaterial Is lighter when it reaches this stretchen fur- 
thermore, the stretch ratio applied In the third (MD) stretch can be lower, say 1.2:1, 2:1, 2.5:1 or 3:1 overall, 
and high production speeds can be nnaintained whilst keeping the rates of strain within acceptable limits. The 
maximum orientation which can be applied during the first. MD stretch is that which still allows the transverse 
strand-forming zones to yield and orient In the second or TD stretch without significantly yielding the n.j.z., 

10 though some erosion can occur where the n.J.z. meets the transverse strand-fbmfiing zones. 

in general terms, the maximum orientation is that amount which leaves the MD cross-sectional area of ori- 
ented or lesser oriented material in the region of the junction still stronger than the minimum cross-sectional 
area of the transverse strand-fbnming zones. The degree of stretch should not be such that the third, MD stretch 
cannot be carried out In the manner described or such that the product of the Invention cannot be obtained. It 

IS is desirable that during the first, MD stretch there should be no substantial extension of all parts of the n.J.z., 
but there can be some penetration of orientation Into the middle of the n.J.z. Preferably the first, MD stretch is 
such that the thinning down or orientation does not proceed substantially beyond the respecth^e tangent line. 
However, the main strands may have thinned or oriented in the first. MD stretch to such an extent that in the 
final. MD stretch, the n.j.z.'s extend before any further thinning or orientation of the main strands, and no further 

20 thinning or orientation of the main strands need occur. 

Manufacturing Practice 

In nonmal manufacturing practice, the mesh structure is fonned as a long MD length which Is rolled up. It 
25 is not necessary to cool between stretches, and all or any two or any three stretching operations can be carried 
out In-line without cooling. 

The Holes 

30 The holes can be formed In any suitable manner, for instance by punching, moulding or embossing or during 
extrusion, for instance as described In FR 2 131 842 or US 3 252 181. It Is desirable to have a hole shape which 
leaves material in the comers or spandrels (i.e. outside the notional junction zone) to assist in forming the biax 
zones and also forming good crotches around the junctions in the mesh structure and reduce any tendency of 
the ends of the transverse strands to split or become cracky during the final MD stretch; suitable hole shapes 

35 Include barrel-shapes and quasi-elllptical. In general tenms, by having the ends of the transverse strand-fbrming 
zones widening out, the zones yield during the TD stretch at a point well spaced from the ends (from the re- 
spective tangent lines), and better control of the TD orientation can be achieved; however for such control, the 
transverse strand-forming zones should not be too wide (MD dimension). If the width of the transverse strand- 
foHDlng zones or of the end portions thereof Is too great, splits may occur adjacent the ends of the transverse 

40 strands when stretching In the MD - in effect, the ends of the transverse strands are pulled apart In the MD. 
On the other hand, If the width of the transverse strand-forming zones is too small, the biax zones may not be 
formed. As the junction sheartest results are better with wider transverse strands, the transverse strand-forming 
zones may have the maximum width with which satisfactory orientation is achieved. 

In the prefenred starting material, all the holes are on a substantially square or rectangular notional grid. 

45 However, the Invention is also applicable to starting materials having a suitable more complex pattern of holes 
In which all the holes are not on the same square or rectangular grid. 

Starting Materials 

50 The starting materials need not be strictly flat and can be for instance generally as disclosed in EP-A-0 
418 104. Furthemiore, the starting materials need not be substantially unlplanar. If the n.j.z.'s are thicker than 
the ends of the transverse strand-fonnning zones, or are offset from the ends of the transverse strand-forming 
zones (as seen in sectk)n taken in the TD), the degree or rate of thickness or offset change (e.g. with a sloping 
surface) must n t be so great that biaxial orientation is not achieved in said biax zonesa rapid or overiarge 

55 Chang could so reduc the restraining effect of the ndofthe transverse strand as to cause predominant uni- 
axial ri ntation (in the MD) in such a z ne. 

The starting mat rials are preferably not substantially ori nted.th ughm Itfl w orientation can be present. 
The starting material can b any suitable thenmoplastics material, for instance PET, or polyolefins such as 
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HOPE. PP and copolymers of HOPE and PP. Skins or surface layers can b applied, fbr Instance for ultra-violet 
stabilizati n or to penmlt laniinatlon. 

Inonepref nred starting material, the main strand-forming 2 nes and the n.j.z.'8 ar thicker than the trans- 
verse strand-f nning zones; the starting material can have parallel ribs which comprise the main strand-fomiing 

5 zones and the notional Junctton zones; the ribs can protrude from one face or both faces of the starting material. 
There Is available a mesh structure in which the transverse oriented strands are each wholly or partially 
divided Into two generally superimposed strands which may be somewhat displaced relative to each other in 
the MD, fooking at the structure in plan, formed from a extruded starting material in which a slot is fonned in 
the MD through the middle of the transverse strand-forming zone. The present invention could be applied to 

10 such a starting material. Structures produced in this manner are expected to have the advantages of the in- 
vention. They can be considered as having junctions, transverse strands and blax zones In accordance with 
the invention. 

Whatever the fonm of the starting material, the main strand-fonming zones can have nanrower parts to pro- 
vkle yield points, fbr Instance as described In US 4 590 029 or in US 4 743 486; this allows the material to be 

15 more easily stretched u nifomnly to a relatively low stretch ratio in the first. MD stretch of a three-stage procedure. 
To provide yield points in the ribbed starting material refen^d to above, the holes can cause the ribs to be some- 
what nanrower In the main strand-fording zones. 

The starting materials are sufficiently thick for the mesh structures to be used as geogrids. e.g. of a thick- 
ness of not less than about 2. 2.5 or 3 mm at its thickest point or at least about 4 or 6 mm, and thicknesses of 

20 up to 10 mm or more can be employed, particuiariy If the three-stage procedure Is used. Roughly, the maximum 
thickness reduction that can be expected in nomrtai production Is about 50% or 60% or more, and thus starting 
material thicknesses of 2, 2.5 or 3 mm will produce products whose thicknesses may be respectively about 1, 
1.25 or 1.5 mm, or less. It is believed that at least for the plastics materials commonly used for mating mesh 
structures, the behaviour of the material alters at smaller thicknesses, and that one will not necessarily achieve 

25 a structure like that of the invention using a starting material which is significantly thinner than those contenv 
plated herein, a minimum starting material thickness of 2 mm being taken as a safe value for conventional start- 
ing materials, stretching temperatures and stretching rates. 

Testing 

30 

As the behavtour of the starting material varies with n^any factors such as the resin used, the thickness, 
the stretohing temperature, the hole shapes and the hole pitches, test pieces should be made to ascertain 
whether the desired orientation behaviour is achieved. 

Laboratory samples can be produced and tested before carrying out teste on a production line. The appli- 
35 cation of truth lines greatly asslste In observing the orientation behavtour. 

Preferred Embodimente 

The invention will be further described, by way of example, with reference to the accompanying drawings, 
40 in which:- 

Figure 1 is an Isometric projection of a first starting material; 

Figure 2 Is a plan view of the starting material of Figure 1. showing truth lines; 

Figure 3 is a plan view of the mesh structure formed when the starting material of Figure 2 is given a first 
stretch MD. In a three-stage procedure; 
45 Figure 4 is a plan view of the mesh structure formed when the mesh structure of Figure 3 is then stretched 
TD; 

Figure 5 is a plan view of the mesh structure formed when the mesh structure of Figure 4 Is then stretched 
MD; 

Figure 6 Is a plan view of the mesh structure of Figure 5, but showing contour hatching; 
50 Figure 7 Is an enlargement of the mesh structure of Figure 5. showing thicknesses in mm and stretoh rattos; 
Figure 8a is an enlarged section along the centre line VliiA-VlllA In Figure 7; 
Figure 8b is an enlarged section along the transverse line VillB-VlliB In Figure 7; 
Figure 9 is an enlarged section along the 45'' line IX-IX in Figure 7; 

Figure 10 Is a plan view of the mesh structore formed when th starting material of Figure 1 is given a first 
55 Stretch TD, In a two-stage procedure; 

Figure 11 Isaplanviewofthemeshstructureformedwh n the starting material of Figure 10 is th nstretoh- 

ed MD; 

Figures 12 1 14 correspond to Figures 3 to 5, with the sam starting material but different stretoh rattos, 
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according to a three-stage procedure; 
Figure 15 is a section through a s cond starting material; 
Figure 16 is an isometric projection of a third starting material; 
Figure 17 is a cross section along the lin XVIi-XVll in Figure 16; 
5 Figure 18 is an isometric projection of the mesh structure formed when the starting material of Figure 16 
is stretched TD then MD. according to a two-stage procedure; 

Figure 1 9 is a plan view of the mesh structure of Figure 1 8, showing thicknesses in mm and stretch ratios; 
Figures 20 to 23 correspond to Figures 16 to 19. but using a fourth starting material; 
Figure 24 is a plan-view of another mesh structure; 
10 Figure 25 is a plan view of a fifth starting material, showing thicknesses in mm; 

Figures 26a. 26b. 27a and 27b are sections along the lines XXVIArXXVIA. XXVIB-XXVIB, XXV1IA-XXVII A 
and XXVIIB-XXViiB, respectively, of Figure 25; 

F^ures 28a and 28b are plan views of the two faces of the mesh structure produced when the starting ma- 
terial of Figure 25 is given a first stretch TD, in a two stage procedure; 
15 Figures 29a and 29b are plan views of the two faces of the mesh structure produced when the mesh struc- 
ture of Figures 28a and 28b is then stretched MD. Figure 29a showing stretch ratios and Figures 29b show- 
ing thicknesses in mm; 

Figure 30a is an enlarged section along the centre line XXXA-XXXA in Figure 29a, showing thicknesses 
in mm; 

20 Figure 30b and 30c are enlarged sections along the transverse and 45^ lines XXXB-XXXB and XXXC- 
XXXC in Figure 29a; and 

Figure 31 illustrates son^ hole shapes that can be used. 

The contour hatching, when used, indicates a steep slope (increase in thickness), the hatching lines ex- 
tending up the slope. 

25 When more than one n.J.z. or Junction of a stretched materlat is shown, in general all n.J.z.'s or Juncttons 
are shown as Identical although In practice there could be small differences between the n.j.z.'s or Junctions. 
The Junctions depicted in Figures which show successive stages or enlargements are not generally the same 
Junction and the truth lines will be in somewhat different positions; for instance Figures 5 and 7 can be compared. 
The Table below gives representative details for the materials described in Figures 1 to 14 and 16 to 30c. 

30 

Figures 1 to 9 

The truth lines in Figures 2 to 5 indicate the progress of orientation, at least on the surface of the structure. 
As shown In Figures 1 and 2, a strictly fiat starting material 1 1s provided with holes 2 on a notional rectangular 
35 grid, and a selvedge 3 is shown in Figure 2. The MD is N-S (up and down the sheet) and the TD is E-W (across 
the sheet). MD tangent lines 4, 5 are shown, as are TD tangent lines 6, 7. There are MD or main strand-forming 
zones 8 between respective adjacent holes 2 in the TD, and there are TD or transverse strand-forming zones 
9 between respective adjacent holes 2 in the MD. A n.J.z. 10 is shown defined between respective pairs of tan- 
gent lines 4, 5 and 6, 7. 

40 As shown in Figure 3. the starting material 1 1s first stretched in the MD, fbnming a uniax mesh structure 
1 1 . It will be seen from the movement of the truth lines that there is penetration of orientation into the n.J.z. 1 0 
from the MD strands 12 which have been formed, but the penetration is not very significant On the surface, 
the truth lines have moved on each end of the n.J.z., and they have moved sllghtiy in the central 40% of the 
length of the n.J.z. 10. The selvedge 3 has been stretched out more or less as a whole - for instance, if a 3:1 

45 stretoh overall is applied to the mesh structure, the selvedge thickness would be reduced by about 50%. There 
is no transverse restraint In the first MD stretch, but as there is no significant penetration of orientation across 
the n.J.z.'8 10. there is no significant TD contraction. 

In order to carry out the second, TD stretch, tiie respective selvedges 3 are held In tiie dips of a stenter, 
to fbnn a first biax mesh structure 13. As shown in Figure 4, the orientation of the TD or transverse strands 14 

50 penetrates Into the n.j.z.'s 10, but the penetration does not reach the centre and is not slgnfTicant On the sur- 
face, the truth lines have nrK)ved on each side of the n.J.z. 10, but they have not moved in the central 40% of 
the width of the n.j.z.10. 

Figure 5 shows the final biax mesh structore 15 after a further MD stretoh. There was no TD restraint, and 
substantial TD contraction has occun-ed, the TD strands 14 shortening to fbrni shorter TD strands 14' as the 
55 MD strands 12 lengthen to fbnm tonger MD or main strands 12*. Figure 7 gives thickness measurements as 
well as Indtoating stretch ratios In th MD, as calculated from measurement of spacing of the truth lines. Th 
thicknesses are given in mm. mostiy to one decimal place. 

As can be seen observing the truth lines in Figur 5,th TD strand-fonming zones 9 hav benstrtchd 



10 



EP 0 515 233 A2 



out. thinned down and oriented to form the TD oriented strands 14'. The MD strand-fonning zones 8 have been 
stretched out, thinn d down and oriented to fbnn MD on nted strands 12' xtending at right angles to th TD 
strands 14'. As shown in Figure 3. the MD strands 12 oriented to a substantial degree before th n.j.z.'8 10 
began to thin d wn. In Figure 5, the thinning down of the MD strands 12' passed Into the ends of the n.j.z/s 

5 10 and the stretching was continued until th thinning down extended right through the n.j.z.'s 10 to aligned 
MD strands 12* on the other sides of the nj-z/s 10. Furthermore, crotches 16 were created interconnecting the 
adjacent edges of respective MD and TD strands 12'. 14'. and the orientation passed around the crotches 16 
In the direction running around the respective crotch 16. Stretching was continued until the n.j.z. 10 had in- 
creased In length In the MD by a significant ratio so that each junction was oriented. 

10 In each junction, there Is a central or thicker zone 17 (see Figure 5), which conresponds more or less to 
the n.j.z. 10 and is substantially thicker than biax zones 18 on either side thereof and on the axis of the TD 
strands 14'. The thicker zone 17 has a substantially greater dimension parallel to the MD strands 12' than that 
parallel to the TD strands 14' and has generally parallel sides in the MD. As indicated by the difference between 
the distance between the respective tangent lines 4, 5 and 6. 7 on the starting material 1 and on the biax mesh 

15 struchjre 1 5, the n.j.z. 10 has Increased in lengtti by a ratio of 4.38:1 and the whole of ttie n.j.z. 10 has narrowed 
down or decreased In width by 51 % relathre to Its original width. The distances were measured on the MD and 
TD strand centre lines or axes. The whole of the thicker zone 1 7 Is substantially oriented substantially uniaxlally 
parallel to tiie MD. This can be determined from the large movement of the TD truth lines and from the final 
positton of the MD truth lines; any slight opening out of tiie TD truth lines after the TD stretch (Figure 4) has 

20 been completely eliminated and the MD truth lines have become closer than In the starting material 1 , through- 
out the length of the thicker zone 17. The tiilcker zone 17 Is tiiicker tiian the mid-points of ttie main and trans- 
verse strands 12'. 14'. The centres of the n.j.z.'s 1 0 have not thinned down substantially more than any ottier 
part of the n.j.z.'s 1 0. and may be sitghtiy thicker than tiie remainder of tiie mesh structure 1 5. The biax zones 
18 are thinner than the TD strands 14', are tiiinner tiian tiie 45*' points of the crotches 16, and merge gradually 

25 with the crotches as seen In tiie 45* section of Figure 9. Figure 9 shows where the crotch 45* point ttiicknesses 
are measured. The rate of Increase of ttiickness as one passes from ttie MD strand 12' to the centre of the 
junction is regular and not very rapkl or abrupt so tiiat the orientation of tiie n.j.z. 10 is relatively unifomi - tiie 
slow increase In thickness can be seen from the stretch ratios given in Figure 7 and from Figure 8a. There is 
continuous uniaxial orientation in the MD firom end to end of tiie mesh structure 15. 

30 In Figure 7, the MD strand mid-points are indicated by the lines 19. 

Figures 10 and 11 

Figures 10 and 1 1 show an alternative two-stage procedure using the starting material of Figures 1 and 2, 
35 in which ttiere is just an Initial TD stretch to form a TD oriented structure 21 followed by a final MD stretch. The 
junction fomi of ttie final mesh structure 15 (Figure 1 1) Is simflar to that shown In Figures 5 to 9. 

Figures 12 to 14 

40 The three-stage procedure shown In Figures 12 to 14 conresponds to tiiat shown in Figures 3 to 5. using 
the starting material of Figures 1 and 2. However, In Figure 12, the first, MD stretch has been carried out to 
such an extent ttiat the orientation has penetrated right ttirough tiie n.j.z. 1 0. at least on ttie surface. In tiie seo 
ond, TD stretch (Figure 1 3), the TD orientation has penetrated to sllghtiy more than It has In Figure 4. The junc- 
tion form of the final mesh structure 15 (Figure 14) is similar to tiiat shown in Figures 5 to 9. 

45 

Figure 15 

Figure 15 shows a second starting material 1 which is of ribbed fonm on one face, providing ribs 32 witti 
troughs 33. Holes 2 are formed in ttie troughs 33. and are sllghtiy wider than ttie bases of the troughs 33 but 
50 do not signiflcantiy nanrow down the ribs 32. The sloping between tiie ribs 32 and ttie troughs 33 is such ttiat 
ttie biax zones 18 (see Figure 5) can be fomned wItti suitable biaxial orientation. 

Figures 16 to 19 

55 Figures 16 to 19 Illustrate a third starting material 1 and the finished mesh structur 15 In which the starting 
mat rial 1 has ribs 32 n on face. Th ribs 32 run down the centr s of tti strand-fomnlng z nes and n.j.z.'s, 
but have sloping shouldere so ttiat tti biax zones 1 8 (se Figure 5) can b f rmed.Alttioughtti junctions have 
MD ribs running along ttieir centres, ttie g neralf rmoftiiejuncti nandth orientationoftti juncti nareslmllar 
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to those in Figures 5 to 9. 

Figures 20 1 23 

5 The fourth starting materiai 1 f Figures 20 and 21 is strictly unipianar, having the rlt)s 32 n each face. 

Otherwise however the starting material Is similar to that of Figures 16 and 17, and the final mesh structure 15 
(Figures 22 and 23) is similar to that of Figures 18 and 19. Truth lines are not shown on Figure 23, but dots 
are visible along the MD centre line, corresponding to equi-spaced dots on the MD centre line of the starting 
material 1. There is only a small variation in stretch ratio along the MD centre line of the junction. 

10 

Figure 24 

Figure 24 illustrates the product of Example 8 In the Table below. The sides of the thicker zone 17 are not 
strictly parallel, and have a shape slightly like that of Cupid's bow. the ends being slightly wider than the centre. 

15 

Figures 25 to 3Qc 

Figures 29a and 29b illustrate both faces of the product of Example 1 1 of the Table below. An apertured 
material was formed by extruston and expanded over a mandrel to provide the starting material 1 of Figures 

20 25 to 27. The starting material 1 is of non-uniform thickness and Is not strictly symmetrical about the centre 
lines of the TD strand-fonming zones 9; also, the starting material 1 has not the same profile on each face. How- 
ever, the starting nr^terial 1 is substantially unlplanar. As is shown in Figures 28a to 29b, the stretching behav* 
lour on each face is similar but not identical. As the thickest part of the n.j.z. 10 in Figure 27 was displaced 
from the centre (mid-point) of the n.j.z. lOinthe MD, the thickest part of the junctton 17in Figure 29 Is displaced 

25 from the centre 41 in the MD, as shown in Figure 30a. Figure 30c shows that the biax zones 18 merge gradually 
with the crotches 18 around the respective biax zone 18. and shows where the crotch 45"* point thicknesses 
are measured. 

Figure 31 

30 

Figure 31 illustrates some prsfenred shapes of holes 2. The shapes of the holes 2 leave material in the 
corners or spandrels for the formatk>n of the crotches 16. 

Examples 

35 

A number of Examples are given In the following Table. 

in Examples 1 to 3, 6 to 10 and 12, the starting materials were strictly fiat; Examples 4 and 5 had starting 
materials as shown in Figures 17 and 21 respectively; Example 11 had a starting material as in Figure 25; all 
the holes were formed by punching except for Example 1 1 where the holes were produced during extmsbn. 
40 Stretch ratios are overall unless related to a particular zone. 
Details of the holes are as follows: 

- arcuiar - 12.7 nnm diameter; 

- Ban-el (Figure 31. second to left of top row) - 9.5 mm TD, 15.9 mm MD; 

- Diabolo (Figure 31, centre of top row) - 9.5 mm TD, 25.4 mm MD, 0.5 mm waisting on each side; 
45 - Qlipse - 10 nvn TD, 19 mm MD; 

• Oval (Figure 31, right of top and bottom rows show two typical shapes, there being a variation in the 
shapes across the starting material) - 6.4 to 6.6 mm TD, 4.4 to 4.5 nrvn MD. 

In each of the Examples, the mesh structure product had considerably greater strength in the MD than in 
the TD. 

so Indteates that the relevant measurement or test was not canied out 
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The Plant 

Th plant illustrated in Figure 1 1 of US 4 374 798 can be used for the two-stage procedur . Th plant il- 
lustrated In FIgur 1 1a of US 4 374 798 can be used for the thre^stage procedure if it is followed by a second 
5 MD stretcher. The draw length of the final MD stretch for a structure 4 m wide at th b ginning of stretching, 
can be 5, 10 or 15 m or nfiore. 

Uses 

10 The mesh structures of the invention can be used for many different purposes, particulariy where high ten- 
sile strength Is required in the MD. However, the principle use Is as geogrids in strengthened or reinforced soli 
applications such as vertical walls, steep slopes and embankment foundations, fonming a composite civil en- 
gineering structure having a niass of particulate material and reinforcing provided by the geogrids. Figure 36 
of EP-0 41 8 1 04 A and the description thereof give suitable examples of earth strengthening or reinforcing ap- 

15 plications; the uniax geogrid Illustrated can be replaced by a geogrid In accordance with the present invention. 
In general terms, the flexible, integral geogrids are suitably positioned; for instance in reinforced soil behind a 
vertical wall or a steep slope, the main strands will be generally at right angles to the wall or slope, as seen in 
plan. The mesh openings have a dimension in a direction parallel to the main strands which is several multiples 
of the width of the main strands at their mid-points. In the engineering structure, the geogrids are embedded 

20 in the mass of particulate material with portions of the mass below a respective geogrid, portions of the mass 
above a respective geogrid, and portions of the mass within the mesh openings and interiocking with the mesh 
openings. In this way, porttons of the mass are in direct contact with the upper and lower faces of the geogrids 
and with the edges of the mesh openings. The geogrids have good slip resistance (interiock) properties with 
respect to the particulate material and provide good stress transmission paths. Furthenmore, the main strands 

25 and the junctions in combination have MD tensile defonnatlon properties which allow the particulate material 
limited deformation under load so that both the particulate material and the geogrids significantly contribute to 
the overall strength of the engineering structure. 

The disclosures of the patent specification referred to above are included in this disclosure by reference. 
The present invention has been described above purely by way of example, and modifications can be made 

30 within the spirit of the invention. 



Claims 

35 1. A method of producing an Integral, blaxlally-molecularty-oriented plastics material mesh structure, com- 
prising: 

providing a plastics starting material with a thickness of not less than about 2 mm at its thickest 
point, and having a pattern of holes on a notional, substantially square or rectangular grid defining strand- 
forming zones between respective adjacent holes and notional junction zones between the strand-forming 
40 zones; 

stretching the material in the transverse direction to stretch out, thin down and orient transverse 
said strand-forming zones to form transverse oriented strands; and 

stretching the material in the machine direction to stretch out thin down and orient main said strand- 
fonfnlng zones to fonm main, machine direction oriented strands extending generally at right angles to the 

45 transveree strands, the respective main strand-fomiing zones thinning down to a substantial degree before 
the notional junction zone begins to thin down and the thinning down of the main strand-forming zones 
reaching the ends of the notional junction zone, the stretching being continued without any substantial dips 
being fonmed in the notional junction zone untD the thinning down extends right through the notional junc- 
tion zone to the aligned main strand at the other end of the notional junctton zone and so that the stretch 

50 ratio at the end portions of the notional Junction zone Is not ntore than about 1 00% greater than the stretch 
ratio at the centre of the notional junction zone, until the thinning down extends around crotches to respec- 
tive transverse strands so that in the crotches the orientation Is in the direction running around the respec- 
tive crotch, until the thickest part of the notional junction zone has reduced in thickness by more than about 
30%, and until the notional junction zone has increased In length In the main direction by a ratio of at least 

55 about 2.5:1 , the whole of the notional junction zon narrowing down substantially, thereby forming an ori- 

ent d junction and continu usiy oriented crotch s connecting respectiv main and transvere strands, 
th re being a central zone at each junctk)n which Is substantially oriented substantially uniaxially in th 
machin direction to provkle continuous substantially uniaxial orientatton in the machine direction firom 
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end to end of the mesh stnictuie, and forming substantially biaxiai orientation in zones on either side of 
said central zone and at or adjacent ends f the resp ctive transverse strand-fonming zones, the resultant 
machine direction stretch being substantially greater than the resultant transverse direction stretch, at least 
that part of th machine dir ctlon stretch in which the notional junction zones are substantially extended 
5 being subsequent to the transverse direction stretch so that th transvers directi n stretch affects the 

orientation behaviour of the structure during said part of the machine direction stretch, and substantial con- 
traction In the transverse direction occuning during said part of the machine direction stretch. 

2. The method of Claim 1 , wherein the material is stretched in the machine direction until the notional junction 
fo zone has increased in length in the machine direction by a ratio of at least about 3.5:1 . 

3. The method of Oaim 1 or 2, wherein the maximum transvense direction dimension of said holes is about 
30% or less of the transverse direction pitch of the holes. 



15 



The method of any of the preceding Claims, wherein said transverse direction stretch is preceded by 
stretching the material In the machine direction. 

5. The method of any of the preceding Claims, wherein said part of the machine direction stretch is the list 
stretch applied to the material. 

20 6. The method of any of Qaims 1 to 3, wherein the stretching is carried out as a two-stage proceedure, namely 
a transverse direction stretch followed by a machine direction stretch. 

7. The method of any of Claims 1 to 3. wherein the stretching is carried out as a three-stage proceedure, 
namely a machine direction stretch followed by a transverse durection stretch followed by a machine di- 

25 rection stretch. 

8. The method of any of the preceding Claims, wherein the whole of the notional junction zone narrows down 
by at least about 30% relative to its original width. 



30 
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9. The method of any of the preceding aaims, wherein at the end of the machine direction stretching, the 
stretch ratio at the end portions of the notional junction zone Is not more than about 50% greater than the 
stretch ratio at the centre of the notional junction zone.. 

10. The method of any of Claims 1 to 8, wherein at the end of the machine direction stretching, the stretch 
ratio at the end portions of the notional Junction zone is not more than about 40% greater than the stretch 
ratio at the centre of the notional junction zone. 

11. The method of any of aaims 1 to 8. wherein at the end of the machine direction stretching, the machine 
direction stretch ratio at the end portions of the notional junction zone is not more than about 20% greater 
than the machine direction stretch ratio at the centra of the notional junction zone. 

12. The method of any of the preceding aaims, wherein the machine direction stretch ratio at the mid-points 
of the main strands is not more than about 100% greater than the machine direction stretch ratio at the 
centres of the notional Junction zones. 

45 13. The method of any of the preceding Oaims, wherein During the transverse direction stretch the orientation 
penetrates beyond the respecth^e machine direction tangent lines. 

14. The method of any of ttie preceding Claims, wherein in the mesh structure produced, no part of the notional 
junction zone has a substantially greater transverse direction dimension than the end portions of the no- 
go tlonal junction zone. 

15. A mesh structure produced by the method of any of the preceding Claims. 

16. An integral, biaxlally-moleculariy^oriented plastics nnaterial mesh structure having a thickness of not less 
than about 1 mm at its thickest point, and having substantially gr ater strengtfi in the machin direction 

^ than in til transverse direction, tii mesh structure comprising: 

malnori nted strands extending in tii machine directi n; 
transverse oriented strands extending in the transvers dir ction; and 
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oriented Junctions between respective main and transverse strands, the thickest partof the Junction 
having r duced in thickness by at I ast about 30% during stretching, respective main and transverse 
strands being interconn ctedbyoontinuousiyori nted crotches with th on ntationinth direction running 
around th respectiv crotches, there being a thicker z neat each Junction which is substantially thicker 

5 than biaxialty-oriented zones on either side thereof each on the axis of a respective transverse strand, 

each blaxialiy-oriented zone merging gradually with the crotches around the biaxially*oriented zone, as 
seen in section nonmal to the plane of the mesh structure and along a line passing through the centre of 
the junction at AS"* to the machine directton, which thicker zone has a substantially greater dlmensk>n par- 
allel to the machine direction than that parallel to the transverse direction, which thicker zone has been 

10 substantially oriented substantially uniaxially in the machine direction, which thicker zone defines no sub- 

stantial dip, and the machine direction stretch ratk) applied to the end portions of the junction not being 
more than about 100% greater than that applied to the centre of the junction, thereby providing continuous 
substantially uniaxial orientation In the machine direction from end to end of the mesh structure. 

f5 17. An integral, biaxially-moleculariy-orlented plastics material mesh stnjcture having a thickness of not less 
than about 1 mm at Its thickest point, and having substantially greater strength in the machine direction 
than in the transverse direction, the mesh struchire comprising: 
main oriented strands extending in the machine direction; 
transverse oriented strands extending in the transveree direction; and 

2Q oriented junctions between respective main and transverse strands, the thickest partof the junction 

having reduced in thickness by at least about 30% during stretching, respective main and transverse 
strands being interconnected by continuously oriented crotches with the orientation in the direction running 
around the respective crotches, there being a thicker zone at each junction which is substantially thicker 
than biaxially-oriented zones on either side thereof each on the axis of a respective transveree strand, 

25 which thicker zone has a substantially greater dimension parallel to the machine direction than that parallel 

to the transverse direction, which thicker zone has been substantially oriented substantially uniaxially in 
the machine direction, which thicker zone defines no substantial dip, the thickness of the thinnest point of 
each said biaxially-oriented zone not being less than about 40% of the thickness of the 45'' point of the 
crotches around the respective biaxially-oriented zone, or not being less than the thickness of the thinner 

30 45° point of the crotches around the respective biaxially-oriented zone if the thicknesses of the 45** points 

are different, and the machine direction stretch ratio applied to the end portions of the junction not being 
more than about 1 00% greater than that applied to the centre of the Ju nction, thereby providing continuous 
substantially uniaxial orientation in the machine direction from end to end of the mesh structure. 
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18. The mesh structure of Claim 16 or 17, wherein said junction thicker zone has a dimension parallel to the 
machine direction which is at least twice that parallel to the transverse direction. 

19, The mesh structure of any of aaims 16 to 18. wherein the junction thicker zone has increased In length 
in the machine direction by a ratio of at least about 3.5:1 during stretching. 

^ 20. The mesh structure of any one of Claims 16 to 19, wherein no part of said Junction thicker zone is sub- 
stantially wkler than the end poittons of saki thicker zone. 

21. A method of strengthening soil, comprising embedding in the soil the mesh structure of any of aaims IS 
to 20. 



45 



50 



55 



22. A composite cIvO engineering structure, comprising a mass of particulate material strengthened by em- 
bedding therein the mesh structure of any of Claims 15 to 20. 
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FIG 13 
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FIG.K 
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